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ABSTRACT

Effects of Hetero—segmental Electro-acupuncture on Formalin Induced
Pain in the Rat
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In-Chul, Sohn’ - Kyung-Sik, Kim"
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Oriental Medicine, Wonkwang University,
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Acupuncture has been used for treatment of numerous diseases, especially for pain control in
the oriental culture. However, the mechanism of pain control by acupuncture was not clear so far.

The present study was examined that the effects of electro-acupuncture (EA) applied to the
acu-point of extra-segmental area on modulation of formalin induced pain in Sprague - Dawley
rats. In order to apply EA to acu-points in the plantar area of right fore paws, a pair of teflon
- coated stainless steel wires were implanted in HT 7 (shin-mun) and PC 7 (dae-neong) 5 days
before behavioral test. A behavioral test was performed by means of video camera after
injection of 5% formalin (50 ul) into the lateral plantar region of left hind paw. EA was
delivered by a constant current stimulator at 45 mA, 2 ms, and 10 Hz for 30 min. The
electromyographic activities were recorded in the biceps femoris muscle under chloral hydrate
anesthesia. Test stimuli with 1"9mA were applied to the sural nerve territory including the
medial portion of the 4th toe and the lateral portion of the 5th toe.

Behavioral responses including favoring, flinching and bitting were occured in the biphasic
pattern, such as the 1st phase (0™5 min) and the 2nd phase (20745 min) after formalin injection.
However, EA (45 mA, 2 ms, 10 Hz) significantly inhibited the behavioral responses. EMG
activities of flexor reflex had a latency of 100 ~ 300 ms and thresholds of test stimuli for EMG
were 45 mA in normal rats. Injection of formalin decreased threshold of test stimuli and
increased EMG activities for 2hrs after injection. However, EA significantly inhibited EMG
activities of flexor reflex increased by formalin and recovered EMG evoked thresholds.

These results suggest that contralateral extra-segmental EA inhibits the first and second
phases of formalin induced pain but their mechanism be needed to examine additionally.
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< AL YT BRERS BEEAHNE 29
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HRE 722 MES XEde dYoz AAg
of AA daeM B XNEEAHE AFT Yok

FHOmo B i3t Be A3 AYHn
fem AFRAe MUMER ANER, BE=2
4% thigs /2 & endorphin® 2e A
Ao phad 5 rhokg W& Eo] AASHD
At He] AT FdHEE AHRy,
Takeshige %”2 &xRd 718 AF@z Fo]
serotonin 7 A3} noradrenergic 7 =4
22 oA & descending inhibitory systemel]
Agste ANEAES T wyoy, Jiang®
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£4E RE KT FU3Y mES st
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RERMEC] AHE £ 208 Ao tA miERRE
o frso] 608 <]471A ALHE A 24 fH
EREeR FTEHE Roz wusHm Jo?
71828ty AT 23 formalinell ¢ ¥ 5
ERES T2 ZANRE FoM E5:2449
c-fiber®] FEAHE $7HA9H HEE%IR(dorsal
horn)oll EA3tE 22t AAMEEY ALBFA
& F/M7E Aeg ragn Qo' agm
3t Fhol gEte  FHEAA

formalin

glutamate, substance P, met-enkephalin % &
4, nitric oxide ¥ AN ZF A& B Ho) F718 # o}
Y&} prostaglandin, interleukin-6, bradykinin &
o 454 e Fi BuHE ez
oteiA oo

B4 (flexor reflex)e PUIS) BW =%
ol Falld AFE M A9, me Eol
KiEste BHOR fa4 AIFozRE =gs)
T AL BE 22 nociceptive reflex T
pain reflex?Z A37|% Fv} 53] ZFukalel A
£ c-fiber7t #338}7] W&ol c-fiber reflexstan
E Haed, 4335 g Bipe wee) =
7hatm, HE4R9e oFdH  (poly synaptic
circuit)& F3t9 @ -motor neuron2 2 A g5 o]
BAE7] o] HFRYolMe EiERE R
g #EY + Ue AL Wez AT 9
om?® wg Xu P& formalin g FHEAZ
BT F7He e RE 2oty

A Hee 839 BE®HM Tl formaling
HEASY BIES 2N 5, ERg?Pe g
#Bs o BEHFES BENEYD v: BES
HER, THRES BHKHE 932 4y
Bto] A7 HES AHE BstE bleln}

I. "BEHR 2 i
1. WEBY

HdYFEE AF 2507300 g9 Sprague-
DawleyAdl ## <3& Algsigen oz,
formalin ¢, formalin FY3% EHFEHLS A
P& oo I dYrez 2R

2. HREBR

IEE fE3l7] sl BABRERO Hkste
R REEFAIS S B Foll 5% formalin £
50 #tE 25 gauge FA71E A3l FUsige
o, FUFAE v EANA (sural nerve)7t X)ujs}

- 232 -



t 999 AFsAd.

3 BEME Kk

) BEEA - RESYEY % PEug ¢
c-Fos ©¥ad ¢d& 2387 93t formalin
¢ 1 FYAH BEMEAH 138 60 LK
FY wer R oABE MAzol sFste MM K Tl
Aglelgh. AFA4YUE HE chloral hydrate
300 mg/kge VF9 EBHol FUstd npHE ¥
clipperg 2183849 A3E AUstaz e bEK
whre] 98 AAst ew, povidone iodine &<
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HEWEER e I KB Fol et BRI
& A7|AZ7] (pulsemaster A300, WPI, US.A)
g olg3le FuFg AFANE AP,
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ZEE 4-5 MZ, AF Hae 2 w9 PAF
08T AZFAc. AF $EL BES B
o] i AR mURE uwpHo] E=2=F 3§
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4 THRE

Formaling Y3 AF¥ FH% otad A (B
x 25 x 25 cem)o] APFEL AAAFIR ¥ F
2ol Q= AYAA (AT F2, video camera

e A A17d 2%

& o)&%9 formalin FUYLE FUE WEKME
2 71Zs%cl. MEE ##9  shaking, lifting,
rearing, biting, grooming ¢ ¥WIAYHQA HF
€ 5% 992 1 AT ¢ B J1ESAT
Formalinol €% FEEREE 2387 3o
BIEASE AESE B4 Watson £%0] A
&% WYe 7122, 94 formaline2 fx¥
pain behavior categories& F 7IA2 AE3Y
tt. & formalin®] FY8 Tui=E #BERss 3
% (the injected paw is elevated, and is not in
contact with any surface)® W& ALY, £
231 E8ojdie #F (the injected paw is
licked, bitten, or shaken)22 ¥ HF3txz Y. 2
ga F aA ZZo] didte 4u| g Aje] kg
Hgdn £ 1 AEE FAFoEN FEIY
ot ol3d AU E  Weighted scores
technique (WST)&tal #2209, “WST = {2 X
time in category 1) + (3 X time in category
DY /300" A& ARt EiEel WE FEHA
o} A Ao WE WERLYEANE Atz 3
o, B d¥d A formalin FYFHE Z 58
Aoz o Fet ATLE FAHALY, WA
#AA1ZHE formalin FUT F OEAAR 4F
4ot

5 BB R&

Bk sE w8273 (sural nerve) g &
AT fdsEe dEolF  (biceps
femoris)e] 2AEE 7|E3ld BT (Fig.
1). Chloral hydrate 300 mg/kg& =724 FU3
o HFHE vHANL F, THE 75| HEE
£ #xE ANZEY =T A¥PF 4¥FE0
vt oA HEEE g FAET] f3d AT
100 mg/kge] chloral hydrate® B4 ol FAls
o olHAHE FAHt BmEE /fEsty] 4
g AZAF L W71AF7] (pulsemaster A300,
WPI, US.A)$} stimulus isolator (A385, WP,
US.A)E <833t A58 LR
(sural nerve) ¥4 ¥ A4A W&} 51
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#]Zo)] stainless—steel electrode® 1] &tell 4+4) &}
How HI|AFL 016 Hz, 2 mso 7+¥RE 5
AFAbolo] 718, AFAEE HHAFE B
1”8 wA7tA 2z} dAdR ZHa | EHRH
€ 71837 H3td F3&2 dEHIFEZ (biceps
femoris muscle)®l| stainless steel electrode® 4t
Y3t A Fo] WE ZHAEE ZAHsigon
100 = 500 mse] A|Fd& Holx= FHEZWE BA
stEch BEKS AL formalin FYA, F¢
F 172l wESIE L, EEIRIIME
formalin ¢ 127k Foll 308 EHEHHRS A
718 Wy} go] st gaAstgo

m.gluteus superf.

m.semitendinosus

m.biceps femoris:
caput vertebralis
caput pelvis

Recording

Stimuilation

Fig. 1. Schematic diagram of the
experimental set up. A pair of stainless steel
needle electrodes were inserted
subcutaneously into the 4th and 5th digits
of the hindpaw to stimulate the territory of
the sural nerve. Electromyograms (EMGs)
in the
knee-flexor muscle, via a pair of stainless
steel electrodes.

were recorded biceps femoris, a

BH RS £49& H3td orFEZ7] (Axon

intstrument Co., USA)E 33 23 JN3g
oscilloscope®} A/D convertor (CED1401 plus,
Cambridge electronics Co. UK)2 Z}Z} BRI %
£ & om, A/D convertord E3 S0 & A3
£ spike 2 program (Cambridge electronics co.
UK)E& %3 computerd]l A#3tHtt. Waveform
average technique& o83l EMG waveform
& F&39 rectificationd AA§ T HEEPL
ol &3t A= F 100 T 500 msuiol EAISE=
EMG 43¢ #HEs &3

6. #t &t

HAFE FAZT2 Y Statview 4.0 (Abacus
Concepts Inc)& ol€3dgeon A¥ghdns
MeantSE. & YeldL, TAHAL one way
ANOVA test®} t-testZ AASHcTh P o)
0.05 PRkl Zovt BAHOZ FoAo] Qe
Ao 73t

I. HE#R

1. Formalin 2 ¥ JEE1TE KAEO cHst B
wREe R

5% formaling AY #F A FAHRY 9
& ¥3lo] FHAUE W EE HAIYFEA
flinching, licking, bitting T3 & &EY 5o
##HAAY. Formalin £ AFHE 58 Alolq
MIEYEE AW MWAESFA (pain score)7t
1561£0.11%1 Al 12} FEiExEC] &¥3gon,
ol ¥ formalin FYF 1587t Zz+ 04007,
047100622 ZAdgHch. A 23 fBEEES
fomalin 4% 202(0.88L0.11)%& e} A
2sle], 308 1.21+0.15, 3589 1.22+0.14, 40
Bl 1322018 3A F713tgen, olF Hx
BIET A7 ZA289 Y Formalin £92 2%
AL O] iR EEAEY AnE BEdsr) 9
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&t formalinFT A FFE fB{ Likel B
firell 3087 EHHIEL (10 Hz, 2 ms, 45 mA)S
AlestRA, FBEPEL formalin FUFEFRE
73§ AN E formalinFATH L& FIE
PFA A 13 FEERER A 23 HBERE] Y
etk v, A 13} WEXKMES formalin® 9
o) H&e] 0921017 (p<O.00DE FoldtA o
AHRen, A 23 WEKE 94 formalin F
Aol vl8le] formalin FHFE 20F] 058%
0.12 (p<0.001), 25%-° 0.72%0.13 (p<0.001), 30
o 093+015 (p<0.01), 35%] 0.82+0.1
(p<0.001), 40% 091015 (p<O0.00DE H#-2l5}
A A=At (Fig. 2).
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Fig 2. Effects of electro~acupuncture on

temporal changes of pain score,

Electro-acupuncture was applied to the
contralateral extra  segmental area of
acu-points for 30 min after formalin injection.
Horizontal bar, EA stimulation time. Number of
each group was 10. Values are mean*SE. ™ p
< 0.01; ™ p < 0.001.

2. Formalin ¢ ¥ EHR& s g
8o HFE

o dEol A B3 uEAA (sural nerve)

WEd Tt A Al174 23

49l sFste A 47 WFT A 57 P&
EE AdE A% AVAFE vkl B39 o
¥ o] = (hiceps femoris muscle)oll ] HE i
9] B¥EQ HHNS (flexor reflex) & 7]&3to
G&3 22 Aig aFsSYY BHEHE 9
3 A7AFLE 2 msY AFEH 0.16 Hzel F7)
B 7FA Qled, c-fiber?he MelH oz A 2s
Aok £F, AFFEE AZTAFE AR &
AAdte AFHAE AMESIY, Z AFAENA 5
3 WNES A4AT ¥ 1 mAY AFES S
A BERY Z=E w3 FE e 93
ANAFY A=t Frhgel weE, dEeFZ
(biceps femoris muscle)ol | 2% ¥kgo] e}
wow, g PSS AFAF} F ogdwrye=z
100 ~ 300 ms °olA YEeldr] AFER
Formalin #YAdle BHRH7F BT 4 mA 9
AFZ A YElr] AFERes, A2 w

I
+
3mA | PO
2mA }_. — Jrl
lmA} ................. +. - e
s my
100 ms

Fig. 3. Effects of electro-acupuncture on
flexor reflex responses. EMG activities of biceps
femoris muscles were recorded for 800 ms
following electrical stimulation of the sural nerve
territory. A, EMG responses before formalin
injection; B, lhr after formalin injection (50 ul);
C, after electro- acupuncture on acu-points
following injection of formalin in the left
hindpaw.
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7ol wat 2Axst Fohsged, AFE
300 msolAd &¥3IE 2HAEI} U FrhEe
%42 Bt (Fig. 3). Formaling 4§ 4%
TANE TAE7 BF 3 mAdA UEdT] A
ZAsigony, gA AFZEI Forgel me 2
A=7t F718t4ch. $7H4E formalin F¢ Ao
g HEEE PAste vlud A 374 mAR
A3 7S FAA v F F 1AI7H
2139313496 %= F7Fegen, 1A 308 ¥
ol 477316836 % (p < 001)E & VI8
HolwA, 242t Fol 38042x478 % (p <
0.05)2 A%H<Q %718 Jeldth 56 mA
B E 374 mA9 Ao HE HAY F
7HE BolX & g tov), formalin A 13}
o FAX 1A= 20801+23.14 %, 1A 30
B ¥ 287163699 %, 81 2A17 ¥
B 2801214791 %2 Ftste A¥E B
78 mA2] ZAF FAMHE formalin FYA
ujdte] Zbzh 193.22+12491 %, 197.06+8.36 %,
2324612024 %2 F7Mslg oy, ¥ A3FxA
o w3lgMe & F7HE RolA sttt (Fig.
4).

-

) Befors formadin

Thw after formalin{50ul)
1.5hw after formalin
S 2t after formedin

-

% of EMG for Flexor Reflex
-]
Qo

intensity of stimulation inducing pain

Fig. 4. Temporal changes of EMG activity
for flexor reflex following formalin injection. At
the stimulation of 374 mA after injection of
formalin, EMG activities for flexor reflex were
increased comparing with pre-
P <005 7P <001

significantly
injection of formalin.

Formalin ¥ 1A3te] Ao EERH S
gz WEEER BASY formalin FUTH
formalin FJF 1AZHRE 308 B9 BEIR
& Ned AETEE L NE 4 ey e
A74E It Formalin #Y% 374 mA9 &
i AZRFE MG A, BHRSESE BN
e M dELAA 1417 308 £ 247 £
of ZrzZt 21.8%6.19% (p<0.001), 69%23.18%
(p<OODE F93tA #4sYa, 56 mAY &
FERYE AZIAT Z2PAAME Z7 47+837%
(p<0.001)¢} 46517.92% (p<0.05)Z YAl &93t
A ZxdRen, 78 mAY 7 MEANST A
AMNE 4z 514%581% (p<0.001)$t 412+
469% (p<O.00)E #9% Z4AE HIY (Fig
5). oid & Axbol A EEHRIER) formalindl 23}
o faE BHRHY F7HE JAET olx ¥
FHAANA AY WES A dxet dA8
© Aeltt. B3, fiE A7) UM HE4
FolM e WmEXEo] Tt AL ¥AY F
e A¥daz Algddd

O 34mA
00F g sema .
O 7T~8mA T

N
]

100 ¢

% of EMG for Flexor Refiex

1.0 1.5 20
Post - Injection Time (hours)

Fig. 5. Effects of electro-acupuncture on
flexor reflex response following injection of
formalin. Horizontal bar represents period of
electro-acupuncture. Values are mean*SE. * p
< 005 * p <001 ™ p < 0.001
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gA olste] FBE dhtel MMM e A
Boz HYsted olF “RIBZMB E= ‘M
grolgtn Hstel, <<HKR BFAB>>VoNNE
“kFzEFHL LESTHE GMifx AST
KR GfiTE ASTHIE WAL ASTEIE
RELR HTEE o stk =8 FHRHR
£ AgsE 222N FLoE <<KBE hEt

YT A ALITH 28

—FW>>PAAN ‘B ZEATEE R
(\7)E MEZFBTHASL ST dF93E 2
AY BRE T M@ HEZ FHE XNz
A e Aotk ol <<BE BT —EHR>>Y
AME “BZE FEMAN, “BZMBAE M
HE'stz stded, AR B MNE ¥3t
of o]FoiX = FMme WEFAY Holth B#
2 Aol 7€ A=de o, MEe] dF
g HR 522 AIFYLEZN EHol 1 X
g4 AFE A9 29 ANCE WEYE 5
ek ElA AlRe] BV A5 LdHE
o gime FP& YEIA sn, A =35
o o] AFHe Hojth HEEMRESL s
WNEATe BAE FAHOE Bigol oH
I YE BB LM AFE BAE A A
B8 AggozA x¥HAD HAW £8E W
WEe S AEE T NS HEREle Bk
£ Ag3lo EHEBME &8 P T A& A
31 BEY AP B=E LER ¥ RE& #
e WS AN BF & XrEIHT Qo
olg|¥ ANERIAE A& & UE HE B &
X753 Fase aAs 9.

IS MELESN 712E 2 AvRd
1830 4 ERE (nociceptor)§ B8 A8 fiber
(4730 m/sec)®t C fiber (2 m/sec)® AE®TH
A fiber HEBTHRE A TAHAY i 427
Hol 2 714 FHAF g, wE

B AFd gisty ¥z Ze ARHEG 53
g a3 distd A g g Yo
U o] wrEEW {3 AT ddiM:
vt C- fiber HERZES A7)
C-744 d#2 dZ2€d 7143 AF) A%
gale As 7IAY FH@FrIs vledtn, 3
3 d9==, K, bradykinin, histamine, serotonin,
acetylcholine, H', cytokine, prostaglandin %9
54 g 2F wbgEi, R E AFd o
HME Mz E& zaEt B3 C-polymodal
AEEZHE axon reflex® YoYOEN BTE
o] A substance P$} CGRP, VIP & 2 A7
i1, B mast cell& AF3e {¥ BAE
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ZAEYoR @FAH WEo HuE FAAE
#8777t 22 (sensitization)H o] FHA A
Foz A ¥tk oy e BAdE
Qa2 & serotonin, prostagiandin, bradykinin®
tachykinin °] BiaE 1 ¢t} £3] bradykinin
o] 2}l arachidonic acid”} prostaglandins®
gated, o] AELS 454 WUEE gL A
Aot B #5719 2aa Furg geriy B
oz Q3o FEEA WM WDR cellz
nociceptive specific (NS) AEE9 FE Ao F
7tk W3E HolZ|® gth ol d X &FH]
FHE ST W3t 33y FREC] #y
&3 sledl, 2F neuropeptides$! dynorphin,
substance P, calcitonin gene related peptide
(CGRP)®} excitatory amino acid (EAA)S]
NMDA$} nitrite oxide (NO)7} $8% 98&
Foia g
Tz L IEL FHEEEMEITAE
(dorsal root ganglion, DRG)E F33ledl, %
#iIE WEETMEY S glutamate®) Z2 EAA,
ATP, substance P, CGRP, vasoactive intestinal
peptide (VIP), CCK, somastostatin, neuropeptide
Y & B8 JAFE AE9EA € 2HEAE
el o], HFolM e synapsedFel] #
g ¥ ole} B3] substance P Y CGRPE 7
$ TD2IMAE wet o]FIY LM FaHF
719] 3ol B4HYl, AAAH £F 58 do
Ada Bads ok FEERE Bt &
7t FARARE Ao htel 71BA 44
fre A4 FZ+9) lamina 1,0 ¥ reticular area
of #x3cl olu AS fibers T2 lamina I
o, FERE WRATMEAA 9% C fibers 3
F¥ 28 F3 lamina 09 nlgFe EXsd
synapse® °|FH, HFIFZ AAZAAXA Sl+e
Yol X C-fibere #i# (ventral root)e F3
F2 Bop7t A4 WAL AXN £ g,
F2 (dorsal root)d] FEAE F Eo2

C-fiberst &2 Fo| BE&A b FAA3
At w88l nociceptive specific neuron<
HFF o EQsed, 1 FHFEE 258
49 (receptive field)ol 7}sF 71 AA =2 o
g dx7} ¥ high threshold (HT) Alxz 7
Fgde] Fol AFHYo i A E Fu 7
FF ol 7k 1A zFe] dF Fx71 @A
U 227t ARl wa FENES}L Fr4stm o)
e FT Az AT distd 713 3e
B8-& YElllE wide dynamic range (WDR)
Axz A5 Zxo g ARE Agsia, ¥
< A= ZIAH AFdut wgEdE  low
threshold (LT) AE7F ek #H+3F2ZF (dorsal
horm)el A AHeld HEEL HFukAlel ez
AR AFHAY £& FAAE (projetion
cellol] Ag=o] B FF2 el 1 YF 3
Q Aol HFAAZ (spinothalamic tract, STT)
9} H5=AAE (spinoreticular track, SRT)Z A
STTE lamina 1,0 ¥ WV,VIdl 2 EEFit}
STT AEF AW o] WDR MEolx, yv
AlE HT MXEeoln dREs LT AXolth. STT
AT FA42 FHATY GFHNA FYHELE e
¥ wdiE M9 =4 (anterolateral faniculus)&
E3td A4 VPL  (nucleus  ventralis
posterolateralis)2 &t} X7t (brain stem)
< Z4F A4 AR L MY AR} HRee
EE2Y ¥ ol gy+Fg AHsln BA-A
AEEe] FAGeln, d8 ALAREEY
z ©]%  periaqueductal grey (PAG)T
intralaminar nuclei (INL)¢] $8% 9%2& sln
gtk PAGE STTe o7t 279 98 5o
nucleus raphe magnus (NRM)& 3| 4=
AZSHE WAREA YA Wygddee 99
3 Eolth. T INLES SRTEZRE FAE A
35 ol dxude) n2A FAEA "ok il
K (thalmus)2 & ZZ F4AHEE Wolsd
KEEREE dEstn FAlol KkBEZRY 2
FHoz AAFAME Lol B 59 dAH o
& 31z o A2 dFdME fAE AR
F UE2E AYY FEZREY ARE Fz
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B3 9)Z8 (ventral posterior lateral nucleus)ol,
gdZ2REH ArE EFUEY  (ventral
posterior medial nucleus)o]l AEHE Aoz &
asut. EF EXH . FHAAF @A
TE Foe STTHAXES o] HTHEY WDR
AE7 25 dAEg dgen, EAYey
B AHalg A3+ 9472493 F Brodmanne
3b dYel FEI7 AEHT FH AT wHEEHL
Atk A A

B AYoA Alg¥ formalin FUE T i
Fg 24L& ojn FYASA dFHH I
Formaling T &lo] FUsHE A 14 Feie KE
A 23} fEFEfMES] formalin FYF 1417 Whol
A Ve o8 @ mmiEkESE A4
2 AXS GUr|B2UE o8 AYINA P
24 &%= wide dynamic range (WDR)
AAMAEES ALEFHNE BRY FIME
2o Aoz Wyt BAHUAN BEREE]
ol AAAEY FEA e wWstd 7AdE Ao
2 Asdn AP 53 mEFY F A 2%
FEIERES AESA FiEez Heg vEa
o 1 7]Ae2A formalinel FFol HAH 5
ERZ 4459 AFAHA AT 93 Ag,
C #4434 REl D olgg FEol ©
g 2 oA AH2E FHEd Ag e
HE& 5o &A1= WDR ABAEEY AddE
He AFHeR F/HANYLEN JERdT A
Asta Qo aEm Al 23 &4 EES A
13 ERERMES BdE BZhade] FEA o8
He D He) FHRARFA ABAXEENN FE4
o] wigxrst HagozA ALPFEHY F7HL
2084 2A7H71A] A &EE £33 E£E windup
olgb AAtAA ] 2Fty o]|FoiXnta: Rm
HAN 22 N04A NBALEY 2AHAHL
He T2 ABMAEEGM T4 FE999 &
Z FE 99 Zid & FEAHY FUE
Agsn vk 8 A 23 ALY EEREL
g3tz e gdFuge a2 gFHALH, o
H3 durge Adoz uHAEe €3y,
zARZE AYPYPF JF o] formalinF F

A THAA A17E 28

BEE A2,

FEiES A3 AY dF A A R
P e, dEAHY AE Uro dysd
g3 Zth AH, TERZANHFL AU A
A7z Bdbol e FE& MR (large fiber) 9
feiEY #do] gle 7h=t@ HF (small fiber)
7} e 1%A (substantia gelantinosa, SG)
o] A¥ 2 WEALAL (T-celDoll 2E3l] A
FEZE Jshdte BEZIAYD. EAZ,
T2ANE ZAFe 9§ HF AL (transepithelial
nerve stimulation, transcutaneous elecrtical
stimulation, TENS)Z H%3HE& &3 AAE
A71AZEe oz AFudd wd oE 7
HEg B WiES 2HH Ue AeE gHA
Atk ¥ 7% (low intensity)-¥< BlX (high
frequency)2 #A3¥ 7§ opiate antagonistQ!
naloxoned] ¥ AwHA e AFFALEL FE
3l ¥, B8 ZE (high intnesity)-®%& ¥H%
(low frequency)® X3 7§ naloxoneel] <&
atgEe  AEFREE HFU3td endogenous
opioid analgesia®} #¥o] ALE AAtslm gld.
o]2]g TENSE I ¢|&3 u73& #EZHM
1 gled, 53] gl oAF AFaAYG {AG
Adez g&HoXn U AHEE, 19699
Reynold®7} #1319l PAGO BFF #A7AZFE 7t
o AFAFNE dSE Hud AFHeAE3
£ (stimulation produced analgesia, SPA)°|t}.
Mayer & Liebeskind® Al #9] sigel ] F@
g AUy oes zAF3te] thake] morphine
£ FYT AR 5T Fxo FAYAE 1%

FaAggle] FEAFHYR el olF NRM,
Rpc 5 HAFEHAEH 4, A9 EAY, 9
3HAlA, HAF 92 periventricular grey, A4¥
FE T4 AV AFA JFEAAT dFe] ¢
k. A, WARXNEA (Endogenous analgesic
system)®& 1970 ] &%k A7 Z 2ol opiated]
et FEAME] LAHUA Ao AAFHOR
ZAq&E WAL opioid?)  leucine- R
methionine, enkephalin, @ -endorphin®] 27 =
Ak o) ¥ Add JUFEAEL opiate AFAY
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SPAS zERHIE AR HAW, Hp9
dorsolateral funiculusel &€4& F¥ OAst SPA
B AgsHE AL Radlged, 7E g A
¥2AEL ZAZ Basbaum & Field®E WAz
EAE Agstdch olHF AEFAE FTH FT
M SPAE HEde F8F FAU PAGH
£ enkephalin®] &7} Bo] &8t PAG
A2%9 opiated FUBH AFAH/E A& F
on AFLFEFAHNE NRM¥ 2 599 Rmeel
2l serotoning A3 MEEL PAGERH
TAFEE Bo} YHEFF S DLFE B3 52
Hujo locus ceruleusu subceruleus~
parabrachialisel $1& noradrenalin (NA)& &
e NMEIEE YAEEE DLFE £3o 2
Wil zeln HageEdA DLFE %3
el g4 FES F2 lamina 13 Vo £
XA da fF3 FAAAEE FH EHgeE
AREC A FZtolA AHelsls B AAH
oz ZAgec EF Hgox AYsE FAlF
A RE Rgc® 53 7HH2 22 NRM 9%
& Fol YAAFAEZE A
feedback S 34 &t

SRR o 77 FE3] ol FoAWA
g dFUgel RusHm it 274 Hze ¥
2 Foez A3E Fe dveue AFEIHV}
AZF AAF 20 T 0% HstnAs GHPCE
7, AFo] F8E Folm FATl HAM FH
7t A&8kE AHdE B3 FEE FAE e A
HAgcizle]l @Aolt). E3&, AFge uFa 4
#Fol o3 A=® AEaae] iyl AelE AP
& Aol 2 Hzel 9% EEe F"He
preproenkephalin (PPE) mRNAS] &4 & #Xx3}
S, 100 Hzol 93 &S preprodynorphin
(PPD) mRNA2 #4& M9xeon fmaAct
1 3nIRH”. E8 Mayer 57 &4 (LI4)
o EEE ¥ A¢ HmEst AsstAe, olgd
g 2 EZ8o] naloxoned FYatH A HriE
AL BIF ojPE EEMol endorphine] #e]
Foiels Abdel AAHJW 2 H EEEe] o
& 2 HdZF9 endorphin ¥Vt Ttk 4

negative

TAREol Busol o olg e A
7122 8o R @HERel o3 fFAEe 7
golu} ¥ dREE AAFe] AANE T A
AFe FAHRE EiEe ARAY Azzo F
YA &, HEAb X FH FAF WA a2
skl AGER, dix A ol2u
gAsln, HFHoEZE  sAdM WA
morphine& A ¢} f2]& #3A17\31, o]oiA 33
4 FEAANANE FAAYE Aolgtn 34
3t gl

#Hzel A7 FAAES AHEWE HMmo|
descending inhibitory systemdl %= #ddti &
& Wl ook 53 MmS SAAIE KR
9 EAL 2% AFdA BATF 2%& AF
Bz z3g JEAIA7E hypophysectomy et A3
3o w3k B-endorphin® antiserum FYS
8 AFEHE AAYE F = AE HAY
3, BARERY HEFAR e EER S
D-PAGEZ%¥ anterior hypothalamus2¢] {§#
®7r EA%dn Bosyct 28]3, raphe-
spinal (R-S) A 73MXE° nucleus raphe
magnus (NRM)oll &xjgo] &A=, R-S
AEANEES 71 & 5L eEEE A2
BEsHA wrgdtAl e whE HEM ASdE
FEA 7 ALY #ade e dgE A
ojty, FaAd AT WHEEE R-S NAMEES
Frgde F dAd A WA B¥xsHzm g,
Lol o5t} FEAH R-S AAAXEY FFA
ol F7HE7] W&o 189 R4 gL oA
gtike Feolth, w3 DLFE transectiond ¥,
R-S A AAEEL Bl o8 FE=EY fa4
Hhgo] thE EHOl post-inhibitory E e A
Hog #Aadvt. oln g HE& Eo| BER
Z 48l negative feedback circuit® A4
sl A4 g Fdl AEE HE3E supraspinal
areat?l NRM-& F8AZH = e A& 3
= 3AdE Ao ™ 1wtel  ATATeA
Takeshige 5™'& fite] stgt AFgxFo

serotonin A =417 noradrenergic F A=A 0

=2
=
L.
=

S

2 U5o{2 = descending inhibitory systeme]
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Ag3te] ABAEE YAAEE HNow, R
it B S AT sted AlEHREIE B Ee Q)
& AN EEA % WFALE A
Al zAR ATl 9sa™, EHE PAGE ¥
BAlzl o224 endogenous BuAl 7|0,
NRM# NRD®  7}=  output neuron®
disinhibitionA] ] 224  spinal cord®] dorsal
hornol 4 pain®] Y& A8y, forebrainol A
5-HTE #eAZ o2y e 243ts 7ol
t}. Jiang®-& somatosensory area M7 NRM$
fefiEol e A AAEd T o,
o] Bolg AFsH NBEHRE ¥E F 8l
R=E (ST36) 7t EH 94 Sm O} 22
A44g & dgol BuHATh oA fApS
AdE BEH (ST36) 7he EiHel 3384 M
FSEA A 7] Mol A&l gy Sm 09 48 &
AgdaE sAdE B9Fan e RHolth o}
28, B oB(STI6A 7H8 4 Hzek 100 Hze)
712 o] digt FBEARY Aolg FHE A
Ae® AFos nFge oY WAL 12
lateral

opioid &

spinal cord segment, parabrachial

nucleus, substantia nigra, nucleus raphe
pallidus, dorsal raphe, locus coeculeus, posterior
pretectal nucleus$} lateroventral periaqueductal
gray Al c-Fos9 718 BRR2oY, x4 A=
9] 79 cuneiform nucleus, PAGS s} &4t
f, habenular nucleus, arcuate hypothalamus,

nucleus®}  lateral
thalamus nucleusellAd] Agygozg FrIEURL,
2F3%e F$E medulla® rostolateroventral
nucleusol A $718 Bl ol8l¥ FHAE 4 He
1 100 Hz® #71z2Fe] o4& 2% 2-8-°] brain
stemelA F2 H¥HEGgE AE FYsle Role
& F Utk

=3 Egol 2% VEE R} naloxoned 95

lateroventral thalamus

of Atgrgthe Mayers) $33E Jutsle oA,

o2 Watkins 53 Polmeranz 52 BHE A&
871 Aol opiate antagonistq! naloxone® F¢3&
H AZEA7 AAHE BH EEHE Aed F
o naltrexoned FYH HFHIHI ADEHA

e T A7E 2%

getde 47ARE dHIAYWH?. ol dn
o] s} Pomeranz %< endogenous opiate]
cascading chain system& 1¢Hsle d9dle 7]
Ete] AEolA ol 2P a7std @
ggel aHrt dFMT WADEAE ol &3t
oo U RlE ok gra R 23 AF A ¢
s L@k Aol g,
olelol % BiRFECl BUE [2EF HFEE
dhakol A Wang®' €  spinal cord  levelol A
dopamine receptor D13 D28 gl 1EF
Bg dozitty HudH W, Cao” = GABA ¥
glutamic acid® 283l FEEAHE dYon,
I5bell acetylcholine®] #HEENIA Fa2% 9%
< 81 goe A8 Zagag®

A HEOIA EREREIE st FEAT g
yger Hflke fAcl AFdIe wgem
“HEM BRI CEHBRR AN AFHI Al
Zstgon, “BRAR VNN “EREEIE BHF
FIHE, FTLAGIHL. e BEREMEIERE 8
ERlz, MERR ERUILR ABUER Re8
5% KA HGIRAHR g LBz po
Hg JealEd. ek st @R wwsle] A
HaHvh. BREL WHFNE <<CKRM 8RR
S>> A 2ME Rz, “FHE HHEH
D& E LoREE £67 RREFMAUNZ? A
R ARAUEGHR, GRIUER FEBEE £
AT AIRIR ®E BEH#HZ B3t 3k
WAk HOoERE FURRRIRSE Keagn." et
e o|F iAKW LR 2ZhE W)
th ol JElECIU &Hiel FAFE AW g
Aol HME V1o AME £ER Uy #&
flioll wisle] Fgste Folvh ol T WA
7 A BB HA BRI ENENE
BB HEEe WHoR HAKEINAN Hhdn
A WA, BRgd Emikel WEE
2ot} EReld ERLT7T M2 EHe
RO2 B A$e FRRALRIK BEE o
21 gloH, BRS Flre BB FiB
& EREn FERe 24T BRE o1
A R Wi} ole @ H#HRE o83t WA
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o' el &3l HEAXNE A Fo 1 [H
(-Efet EFol g8 e &KIES AER, 8
R, RS RE B3 wEB#Esis dde
2 BF #AFrugke miEelY AP E Aaded
a3} gesign 493y

* EEAE 5% formaling AN #HY T
B RBEHN FTd FY3RE o JdedE 17
BRE BHRE RES #LE At o &
3l BHAWS AW EBEY AedA
& o BERKE 2HAEE &z s
WP Y, formalin Y AFRH 58 A}
ole]l A 1x fEAERMEC] F#®3tgl o™ formalin
FAE 15E74X Z4F F A 23 WERKES
fomalin FYF 20858 YEht}r] Al3Ee 30
- 40%9 ZA ForEAeH, olF HA WEST
27F Aasac B3 formalin FYLE FEd
FefE SRS ol BHEFIE (10 Hz, 2 ms, 475
mA)E A& A, A 1A EmERES A 23
FEAE M) HEEEC] )3t fojEA AAHIA
th AN 839 EHKS e 5L wFY
AYeA H|EAZA (sural nerve) o] H7}z}
& Jtsld FZ9 HO|FZ (biceps femoris
muscle)oll A FERERMES] XHY HHKSH (flexor
reflex)= HERE QH$o] AFMAl £ gutz oz
100 ~ 300 ms oA uYeERYH, AFHAE=
formalin FY4 Aol FF 4 mA9 AFHFERAA
vehdrl Aztste zFAEsr Fobgel o
AFF 300 msollH &ddte 2A=I HE F
7tete ¥4e 2 dExTdAM e formaling
F9oz ZHAEE dodE AFHA HE 3
mAZE, dizae] M3ty AFHArL FAIGHL
a2 AFAL FGA] 24 FAR {HAHUAG @
4, 5°8 mAS] A$AE 374 mAY AF b
o] feld F7HE HolAE ¥ged, Y H
o] vl3ld formalin F9°] B5U¥E9 F7ME
Bach ole HAEAANA 4 mAY ANAF FH
szl A FEEREe] dove WY, formalinF<l
Fole dFoz AR Fue T2 FZriw]
fEAE X7} Rolgoez U Aoz AlgdEd
T8, AFAE F7Hg wel 2HE EAA

Zto] formalin FYHo| wldtd z=A Eoiwtl
ol4e]l AR ¥ AHAYdA formalin®l Fo
Bkl e 2Axe /g fEA7H,
nhH A @S AHel MY formalinFHo ©WE
WIERMEY dER fEIdn B ¢ ok
Formalin #Y4% 1AI1Zk] Aol BiiRHES
Zlgeg WEEE A formalin FYTEH
formalin FYF ATFE 308 F¢ EHFE
& Aled A4¥7E vusds o 1AM 308
Fob 247 Fol FYFA #hEHr o3
Aol X EEFE ) formaline] o&o fuw
B s F7HE AAMEE ole PEHANA
AY WES dAsle A9 dAstE Aol
53], BHRHRES HFFFANMY  poly-
synaptic mechanism®] ¢&o fFEETps o)A
o] BnES B8 & Ay JeEbd BiE oA
Bkg-o] 7lHel] HFFFoA e EEXH B
e AE B9 5 A+ A¥EARE Agg
o},

LA ko] HREERANAN BRI BETE K
fEe) oAlet BEKRS JAE I F e
o, o] formalin FYol 25t HFoE FBEK
FE AN EEHReE AT E AL ANy
e Aolgr B 4 Uk 53 ol g M%ifEA
< DEeA B1nd JEREE HEE viegosm
AZrete] B o, iEmSR FITH MG
o] 838 gl&og FHAD oty ¥ Ay
A EstA] & TiTh AHEEY MHE 9
& emme FRsh BESTD EHE,

V. & &

A HRAME EREA AT EHEMEC
formalin 5 FH#HEN 28 FF FEEKES
BfRHA v PES BF3Y G534 2L
BRE AU

1 5% formaling A4 $AS) FH REHL
gFl FURe W, FYAFRE 52 Abold
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e e Y 4 mAS) AIFEAM Yehd) Al
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o) 278tk

4. Formaling F4% AdTAME WHHKH
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RS Bl o3t frdd BEREC] EH
Flgkel o3t JAHRLH, 53 ERgA 2
A EMErY RlEel FRE KRE A2
AEE st

V. 2%

D 98, 1928 A% A4H HoH
A M. 1993. pp 17, 163-205.

2) Merzack R & Wall P.D. Pain mechanism: a
new theory. Science, 1965: 150: 971-979.

3) Mayer D.J, Price DD, and Rafii A.
Antagonism of acupuncture analgesia in
man by the narcotic antagonist naloxone.
Brain Res., 1977: 121: 368-372.

4) Lianfang He, et al. Possible involvement of
opioid peptides of caudate nucleus in

1985 23

acupuncture analgesia. Pain,

WP THE A A17H 28

83-93.

5) Takeshige C., Sato T., Mera T., Hisamitsu
T., Fang ]. Descending pain inhibitory
system involved in acupuncture analgesia.
Brain Res. Bull,, 1992(Nov.): 29(5): 617-34.

6) Jang M. & Liu X. The control of
somatosensory area [l on the descending
inhibitory pain activity of nucleus raphe
magnus. Chen Tzu Yen Chiu, 1993: 18(1):
33-6.

7) Dubuisson D. and Dennis S.D. The
formalin test: a quantitative study of the
analgesia effects of morphine, meperidine
and brain stem stimulation in rats and cat.
Pain, 1977: 4:161-174.

8) Hunskaar S. & Hole K. The formalin test
in mice: dissociation between inflammatory
and non-inflammatory pain. Pain, 1987: 30:
103-114.

9) Murrary CW, Pharmacological

characterization of the mouse formalin

model of tonic pain. Ph. D. Dissertation,

Temple University School of Medicine,
Philadelphia, 1989.

10) Clavelou P., Pajot J., Dallel and Raboisson
P. Application of the formalin test to the
study of orofacial pain in the rat.
Neuroscience Letter, 1989: 103: 349-353.

11) Heapy C.C., Jamieson A., and RussellN.J.W.
Afferent c-fiber and A delta activity in
models of inflammation. Br. ]J. Pharmacol,,
1987: 90 164-171.

12) Wheeler-Aceto H., Porreca F., and Cowan
A. The rat paw formalin test’ comparison
of noxious agents. Pain, 1990: 40: 229-238.

13) W.D. McCall, Kimberly D. Tanner, Jon D.
Levine. Formalin induces biphasic activity
in c-fibers in the rat, Neuroscience Letters,
1996 208: 45-48.

14) Skilling S.R.,, Smullin D.H,, Beitz A.]., and

- 243_.



K. A. M. S. Vol. 17, No. 2, 2000

15)

16)

17

18)

19)

20

21)

Larson A.A. Extracellular amino acid
concentration ein the dorsal spinal cord of
feely moving rats following veratridine and
nociceptive  stimulation.  J.
1988: 51: 127-132.

Kuraishi D., Hirota N., Sato Y., Hanashima
N, Takagi H., and Satoh M. Stimulus
specificity of peripherally evoked substance
P release from the rabbit dorsal hom in
situ. Neuroscience, 1989: 30: 241-250.
Bourgoin S, Le Bans D, Clot AM,
Hamon M., and Cesselin F. Subcutaneous
formalin induces a segmental release of
Met-enkephalin-like material from the rat
spinal cord. Pain, 1990: 41: 323-329.
Chapman V. & Dickensonn AH. The
spinal and peripheral roles of bradykinin

Neurochem.,

and prostaglandins in nociceptive
processing in the rat. Eur ] Pharmacol.
1992: 219: 427-433.

Haley J.E., Kickenson A.H., and Schachter
M. Electrophysiological evidence for a role
of nitric
nociception in the rat. Neuropharmacology,
1992: 33: 251-258.

Aloisi AM., Albonetti ME., Muscettola M,
Facchinetti F., Tanganeli C., and Carli G.
Effect of formalin-induced pain on ACTH
beta-endorphin,
interleukin-6  plasma levels in
Neuroendocrinoiogy, 1995: 62: 13-18.
M. Strimbu-Gozariu, F. Guirrmand, ].C.
Willer, D. Le Bars, A sensitive test for

studying the effecs of opioids on a C-fibre

oxide in prolonged chemical

corticosterone and

rat.

reflex elicited by a wide rage of stimulus
intensities in the rat, Eur. J. Pharmacol.
1993: 237: 197-205.

Sylvain Falinower,J-L. Junien, J-C. Willer,
D. Le Bars, A c-fiber reflex modulated by
heterotopic noxious somatic stimuli in the

22

~—

23)

24)

25)
26

-

27)

28)

29)

30)

30

32) Wall,

33)

34)

35)

_244_

rat. Jourmal of Neurophysiology. 1994:
72(1): 194-213.
Frederic Guirimand et al. Buprenorphine

blocks diffuse noxious inhibitory controls
in the rat. European Journal of
pharmacology, 1995: 294: 651-659,

Xu XJ, Elfvin A, Wesenfeld-Hallin Z.,
but
formalin, increases the excitability of the
nociceptive the rat.

196(1-2):

Subcutaneous carrageenan, not

reflex in
1995 18:

flexor
Neuroscience Letters,
116-118.

BMEEHR. HHANR R BIE ZM it
1980.

BEHE. BRABRE. KB bt 1993.
Watson GS, Sufka KJ, Coderre TJ. Optimal
scoring strategoies and weight for the
formalin test 1997(Mar):
70(1): 53-58.

EHE RE BRSE BIRINMR:
&R, PEEE 724 105,

WITSES KTEMER2E KRR T
oA BERE (3) 01939, .

T, BEA, SR HR REELoR
B OABRS BY EE Anuwaes
6:2:118-127.

EEEEHN AR FRCTBYEE. BRB(L).
A&7, 1995 45-205.

Thomas Lundeberg, Pain physiology and
Scand ] Rehab.

in rats, Pain,

principles of treatment.
Suppl,, 1995 32:13-42.
PD. and McMahon, S.B. The
relationship of perceived pain to afferent
nerve impulse. Trends
1986: 96 254-5,
KEHERe L XTUA. HERSE v42
WA}, 1995.

A3, F71Eg. AT 6% EEHA
1996. 2 : 553-558.

Coderre T.J. & Melzack R. The role of

in Neuroscience.



NMDA receptor-operated calcium chnnels
in persistent nociception after formalin-
induced tissue injury. J. Neurosci., 1992:

12: 3671-3575.

36) Dennis S.G. and Melzack R., Comparison of

37

38) Dickenson

39) Dickenson

40)

41)

42)

43)

phasic and tonic pain in animals. Adv.
Pain Res Ther, 1979: 3: 740-760.
Dickenson AH and Sullivan AF. Evidence
for role of the NMDA receptor reduces
spinal nociception in the rat, Neurosci Lett,
1991: 121: 263-266.

AH AF.
Subcutaneous formalin~-induced activity of

and  Sullivan
dorsal hom neuron in the rat: differential
response  to intrathecal
administered pre or post formalin. Pain,
1987: 30: 349-360.

AH Sullivan  AF.
Differential effects of exitatory amino acid

an opiate

and

antagonist on dorsal horn nociceptive
neurones in the rat. Brain Res., 1990: 506:
31-39.

Dougherty PM and Willis WD. Enhanced
responses of spinothalamic track neurons
acids

to excitatory amino accompany

capsacin-induced  sensitization in the
monkey. J. Neurosci., 1992: 12: 833-894.
Yu XM, Sessle BJ, and Hu JW.
Differential effects of cutaneous and deep
inflammatory irritant on
field properties of
trigeminal brain stem nociceptive neurons.
J. Neurophysio., 1993: 70: 1704-1707.
Rosland JH, Tjolsen A, Maehle B, and
Hole K. The formalin test in mice: effect

application of
mechanoreceptive

of formalin concentration. Pain, 1990: 42
235-242.

Reynolds, D.V. Surgerry in the rat during
electrical analgesia induced by focal brain
stimulation. Science, 1969: 164: 444-445,

44)

45)

46)

47)

48)

49)

50)

51)

52)

HEd T A A17E 2%

Mayer, D.J. and Liebeskind, J.C. Pain
reduction by focal electrical stimulation of
the brain! An anatomical and behavioral
analysis. Brain Research, 1974 : 68 : 73-93.
Thomas Lundeberg, Pain physiology and
principles of treatment. Scand ] Rehab.
Suppl,, 1995 32: 13-42.

Basbaum, Al and Fields, HL. Endogenous
pain control systems. Annual Review of
Neuroscience, 1984: 7. 309-338.

Hui-Fu Guo, JinHua Tian, Xiaomin Wang,
Yuan Fang, Yueping Hou, Jisheng Han.
Brain activated by
electroacupuncture of different frequencies

substrates

(1) Comparative study on the expression
of oncogene c-fos and genes coding for
three opioid peptides. Molecular Brain
Research, 1996: 43: 157-166.

Xiang Liu, Bing Zhu and Shou-xin Zhang.
Relationship between Electro~acupuncture
Analgesia and Descending Pain inhibitory
mechanism of Nucleus Raphe
Pain, 1986: 24: 383-396.
Takeshige C., Oka K., Mizuno T., et. The
acupuncture point
central pathway for producing acupuncture
analgesia. Brain Res. Bull, 1993 30(1-2):
53-67.

He L. Involvement of endogenous opioid
peptides in acupuncture analgesia. Pain,
1987 31: 99-121.

Jang Hem Lee and Alvin J. Beitz, The
distribution of brain stem and spinal cord

Magnus.

and its connecting

nuclei associated with different frequencies
of electro-acupuncture
1993: 52(1): 11-28.

Watkins, LR DJ,
Organization of endogenous opiate and

analgesia.  Pain,

and Mayer,

non-opiate pain control system.
1982: 216: 1185-1192.

science,



K. A. M. S. Vol. 17, No. 2, 2000

53) Bruce Pomeranz and Lazo  Bibic.
Electro-acupuncture suppresses a
nociceptive reflex: naltrexone prevents but
dose not reverse this effect. Brain
Research. 1988: 452: 227-231.

54) Pomeranz, B. and Warma, N.
Electro-acupuncture suppression of a
nociceptive reflex is potentiated by two
repeated  electro-acupuncture treatments;
the first opioid effect potentiates a second
non-opioid effect, Brain Research,
1988(Jun): 14;452(1-2):232-6.

55) C. Richard Chapman, Costantino Benedetti,
Yoko H. Colpitts and Rebecca Gerlach.
Naloxone fails to reverse pain thresholds
elevated by acupuncture: Acupuncture
analgesia reconsidered. Pain, 1983 16:
13-31.

56) Wang HH., Xu SF. Effect of DI and D2
dopamine receptor antagonists on
acupucnture analgesia. Sheng Li Hsueh
Pao, 1993 Feb. 45(1): 61-8.

57) Cao W, Deng Y., Dong X. et. Effects of
electroacupuncture at different frequencis
on the nociceptive response and central
contents of GABA and glutamic acid in
arthritic rats. Chen Tzu Yen Chiu, 1993
18(1): 48-52.

58) Xu G., Duanmu Z., Yin Q. The role of Ach
in the central nerve system on pain
modulation and analgesia. Chen Tzu Yen
Chiu, 1993: 18(1): 1-5.

59) WEGEE, ARAER BERAEE PR
B —it. 19956,

_.246,_



